Aims Sleep-disordered breathing (SDB) is a highly prevalent co-morbidity in patients with chronic heart failure (CHF) and can play a detrimental role in the pathophysiology course of CHF. However, the best way to manage SDB in CHF remains a matter of debate. Sacubitril-valsartan has been included in the 2016 European Society of Cardiology guidelines as an alternative to angiotensin-converting enzyme inhibitors to further reduce the risk of progression of CHF, CHF hospitalization, and death in ambulatory patients. Sacubitril and valsartan are good candidates for correcting SDB of CHF patients because their known mechanisms of action are likely to counteract the pathophysiology of SDB in CHF.
Introduction
Chronic heart failure (CHF) is a frequent pathology marked by significant morbidity and mortality.
1 Approximately 1-2% of the adult population in developed countries has CHF, with a prevalence rising to ≥10% among persons 70 years of age or older. 2 Despite progress in the medical management of CHF and a relative reduction in hospitalization in recent years by 30-50%, 3, 4 the last European data (ESC-HF pilot study) demonstrated that 12-month hospitalization rates for hospitalized and stable/ambulatory CHF patients were 44% and 32%, respectively, and the 12-month allcause mortality rates were 17% and 7%, respectively. 5 At 4.5 years, mortality remains high in developed countries, reported in 2011 as reaching over 70% in an American cohort study.
Sleep-disordered breathing (SDB) is a highly prevalent comorbidity in CHF patients and potentially impacts the prognosis of CHF. The prevalence of SDB, either predominantly obstructive sleep apnoea (OSA) or predominantly central sleep apnoea (CSA), was reported as reaching up to 76% in CHF patients with reduced ejection fraction (HFrEF). 7 While OSA has been shown to be an independent risk factor for the development of CHF 8 and to increase morbidity and mortality of CHF, 9 CSA appears to be more a marker of CHF severity and is thought to mirror cardiac dysfunction. 10, 11 However, both OSA and CSA interfere with neurohumoral systems and thus may worsen CHF, for example, by increasing sympathetic and renin-angiotensin-aldosterone activity, both targets of CHF therapy. To date, there is a consensus to consider that the first step in the management plan for patients with SDB and CHF should be optimization of CHF treatment. [12] [13] [14] Indeed, previous studies have reported that optimization of pharmacological therapy [15] [16] [17] [18] [19] [20] and the use of non-pharmacological methods 21, 22 to treat CHF can lead to an improvement in SDB. However, the best way to manage SDB in CHF remains open to debate since the beneficial effect of an additional ventilatory treatment in patients with HFrEF is questioned after the results of the SERVE-HF trial and pending the results of the ADVENT-HF study. 23 Sacubitril-valsartan (Entresto™; LCZ696) is a new orally administered complex of the neprilysin inhibitor prodrug sacubitril and the angiotensin II Type 1 receptor blocker valsartan, recently approved in the United States and the European Union for the treatment of patients with HFrEF who remain symptomatic (New York Heart Association Classes II-IV) despite optimal treatment with an angiotensinconverting enzyme (ACE) inhibitor, a beta-blocker, and a mineralocorticoid receptor antagonist. 4 Indeed, in the large randomized double-blind PARADIGM-HF trial, 24 sacubitrilvalsartan reduced the occurrence of the primary endpoint (cardiovascular death or hospitalization for worsening of CHF) by 20% when compared with the ACE inhibitor enalapril. Sacubitril-valsartan was also superior to enalapril in reducing death from any cause (16% reduction) and in limiting the progression of CHF. As a consequence, in these specified patients, sacubitril-valsartan is recommended by the 2016 European Society of Cardiology guidelines (Class I, Level B) as an alternative to ACE inhibitors. 4 Two preliminary studies have reported that ACE inhibitors could improve SDB in CHF. 15, 16 To the best of our knowledge, the effect of sacubitril-valsartan on SDB has never been investigated in a prospective study despite the fact that this drug combination has the potential to correct SDB in CHF patients. Indeed, the first case report to document parallel improvements in CHF and SDB after the initiation of sacubitril-valsartan was published recently. 25 Their known mechanisms of action are likely to counteract key points of the pathophysiology of SDB in CHF (extracellular fluid overload, cardiac injury, and sympathetic nervous system activation). 26 Thereby, sacubitril-valsartan interferes with neurohumoral systems and improves CHF by decreasing sympathetic and renin-angiotensin-aldosterone activity, both possible actors also involved in the pathophysiology of SDB.
In the context of the post-SERVE-HF study, where concern prevails against auto-servoventilation, physicians are waiting for new trials and an alternative therapy. In the ENTRESTO-SAS trial, we sought to assess in real-life conditions whether sacubitril-valsartan could improve the outcome of SDB in CHF patients with HFrEF.
Study design Study hypothesis
The aim of ENTRESTO-SAS trial is to assess the impact of sacubitril-valsartan on SDB of CHF patients. We speculate that the sacubitril-valsartan combination could provide expected beneficial effects on CHF but also modulate the severity of SDB as assessed by means of the Apnoea-Hypopnoea Index (AHI) measured before and after exposure to the drug.
Design
The ENTRESTO-SAS trial is a 3-month, multicentric, prospective, open-label real-life cohort study. Figure 1 summarizes the design of the study and the participants' timeline. Patients treated in real-life conditions of care and eligible for sacubitril-valsartan treatment will be invited to participate in the study. After inclusion and exclusion criteria are checked (Table 1) , a pre-therapeutic evaluation will be performed [physical examination, echocardiography, laboratory testing, Minnesota Living with Heart Failure Questionnaire and EuroQol Group 5-Dimension Self-Report Questionnaire (EQ-5D), Epworth Sleepiness Scale, Pichot Scale, and nocturnal ventilatory polygraphy]. Sacubitril-valsartan will be started the day after the polygraphy, and a cardiological follow-up will then be set up to achieve the optimal treatment dose before 3 months.
Considering the results of the polygraphy, patients will be divided into three groups:
• Group 1: patients characterized by a central AHI ≥5/h and an obstructive AHI <15/h. • Group 2: patients characterized by an obstructive AHI ≥15/h whatever the central component. In this group of patients, a ventilator treatment with positive airway pressure [PAP, i.e. constant PAP (CPAP) or bilevel pressure or auto-servoventilation] can be started. In the case of predominantly central events and reduced left ventricular ejection fraction (LVEF), the use of auto-servoventilation treatment was not allowed.
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• Group 3: patients characterized by a central AHI <5/h and an obstructive AHI <15/h.
After 3 months of treatment, the final evaluation will include physical examination, echocardiography, laboratory testing, Minnesota Living with Heart Failure Questionnaire and EQ-5D, Epworth Sleepiness Scale, and Pichot Scale, for all patients included in the study. Nocturnal polygraphy will be repeated only in Groups 1 and 2. For PAP-treated patients from Group 2, observance, residual AHI, and level of PAP measured by the device equipped with a built-in software will be recorded.
Ethics approval
The ENTRESTO-SAS trial is conducted in keeping with Good Clinical Practice Guidelines, the principles outlined in the Declaration of Helsinki, and applicable local laws and regulations. The trial has been approved by the Ethics Committee for the Protection of Persons (CPP Sud Méditerranée IV), the French Drug Safety Agency (Agence Nationale de Sécurité du Médicament), the French Advisory Committee on health research information processing (Comité Consultatif sur le Traitement de l'Information en matière de Recherche dans le domaine de la Santé), and the French National Commission for Data Protection (Commission Nationale de l'Informatique et des Libertés). Informed consent is required. The trial is registered at ClinicalTrials.gov under the identification number NCT02916160.
Study endpoints
The primary endpoint of the ENTRESTO-SAS trial is the AHI change determined by nocturnal polygraphy, before and after 3 months of treatment with sacubitril-valsartan. The 2012 American Academy of Sleep Medicine recommendations are used to characterize apnoea and hypopnoea events, the phenotype, whether central, obstructive, or mixed. 
Secondary endpoints include the following:
• The proportion of patients with a 20% decrease in their AHI, before and after sacubitril-valsartan.
• The proportion of patients with a 50% decrease in their AHI, before and after sacubitril-valsartan.
• The proportion of patients with AHI < 5/h, 5 ≤ AHI < 15, 15 ≤ AHI < 30, and 30 ≤ AHI, before and after sacubitrilvalsartan, and the proportion of central events before and after sacubitril-valsartan.
• A comparison of AHI results assessed by JAWAC® technology.
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• A Global Subject Assessment (heart rhythm, systolic and diastolic blood pressure, and New York Heart Association functional class), before and after sacubitril-valsartan.
• Echocardiographic measures of structure and function before and after sacubitril-valsartan [ejection fractions, left ventricular diameters, atrial surface, diastolic function (strain), and filling pressures].
• Renal function as compared with baseline (estimated glomerular filtration rate will be calculated using the Chronic Kidney Disease Epidemiology Collaboration formula).
• Serum BNP and pro-BNP concentrations before and after sacubitril-valsartan.
• Laboratory testing also included creatinine, potassium, sodium, haemoglobin, and alanine and aspartate transaminase.
• Concomitant medications will be assessed before and after sacubitril-valsartan.
• The proportion of patients without an optimal dose of sacubitril-valsartan after 3 months.
• Quality of life as measured by the Minnesota Living with Heart Failure Questionnaire and EQ-5D-3L Questionnaire, before and after sacubitril-valsartan.
• Epworth Sleepiness Scale before and after sacubitrilvalsartan • Pichot Scale before and after sacubitril-valsartan • Device-related measures in Group 2 patients: PAP observance (number of hours per day and number of days with ≥3 h in the past 2 months), type of device used (CPAP, bilevel pressure, or auto-servoventilation), settings of the device, type of mask used and historical use of mask, and AHI reported by the device.
Patient population
The ENTRESTO-SAS study will enrol adult (≥18 years old), clinically stable patients with heart failure (HF; defined by an LVEF ≤35% at transthoracic echo examination for 1 month at least, without exacerbation of HF and receiving appropriate HF treatment at the appropriate dosing as per guidelines). Table 1 summarizes the inclusion and exclusion criteria of the study.
Study drug
Patients will receive sacubitril-valsartan orally twice daily with adjustment for renal function and haemodynamic tolerance, as per the European-Union-approved dose. Subjects will be advised to take the study drug at the same time every day according to approved instructions.
Sample size and statistical methods
Data will be collected and recorded on case report forms by trained local research coordinators or residents. Data will be handled in compliance with French law. All original records will be archived at trial sites for 15 years. The clean database file will be anonymized and kept for 15 years. The primary outcome is the change in the AHI determined by nocturnal polygraphy, before and after 3 months of treatment. For this study, 68 evaluable patients are needed to detect a 20% difference after 3 months, with a standard deviation of 5 points (standardized effect size of 0.4), at a two-sided α level of 0.05 and a statistical power of 90%. After potential withdrawn consents after inclusion, inclusions not fulfilling inclusion criteria, or patients with a central AHI <5/h and an obstructive AHI <15/h are taken into account, 120 patients will be included in this study.
Statistical analysis will be performed on an intention-totreat population, encompassing all included patients except those who have withdrawn their consent or who did not meet the inclusion criteria. Baseline features of the overall population and of each group will be described, using n (%) for categorical variables and the minimum, maximum, mean, standard deviation, and quartiles for quantitative variables. Paired Student's t test or Wilcoxon's test when appropriate will be used for primary outcome analysis.
The χ 2 test (or Fisher's exact test as appropriate) will be used for secondary binary outcomes. Continuous variables will be compared with the use of parametric or nonparametric ANOVA.
All analyses will be conducted by the medical statistical department of the Montpellier University Hospital using statistical software (SAS, V.9.3; SAS Institute; Cary, NC, USA, and R V.3.2.3). A two-sided P value of <0.05 will be considered to indicate statistical significance.
Safety
Safety endpoints include death, onset of acute HF episodes, frequency and type of serious adverse event (SAEs), and adverse drug reaction (ADRs) as defined by Good Clinical Practices. Investigators and site staff are responsible for detecting, documenting, and reporting SAEs and ADRs on The ENTRESTO-SAS study design electronic case report forms, which are continuously monitored.
Participating sites
To preserve the real-life nature of the study, university hospitals and non-university hospitals/clinics participate in the study. University hospitals include the Nîmes, Montpellier, Bordeaux, Marseille, and Toulouse hospitals, and non-university hospitals/clinics include Pasteur clinic (Toulouse) and the Béziers hospital and Saint-Privat clinic of Boujan-sur-Libron.
Discussion
To date, the best way to manage SDB in CHF patients remains a point of debate. The SERVE-HF study 23 has raised serious concerns about the safety of treating patients with CHF and CSA with adaptative servoventilation, so that physicians are waiting for new trials and alternative therapies. Pharmacological and non-pharmacological approaches are being developed and evaluated to correct SDB associated with CHF. Table 2 depicts a summary of the studies registered on the ClinicalTrials.gov website using a non-ventilatory therapeutic approach targeting SDB in patients with CHF.
Previous studies have reported that optimization of pharmacological therapy can lead to an improvement in SDB. [15] [16] [17] [18] [19] [20] Table 3 summarizes the published data on the effect of medical treatment of CHF in patients presenting SDB. Paradoxically, the evidence-based beneficial effect of medical treatment on SDB in patients with HFrEF is weak. Only six studies encompassing a total of 67 patients are available, and only one is a randomized controlled trial with a crossover design. The ENTRESTO-SAS trial is a pharmacological trial whose main purpose is to evaluate the new sacubitrilvalsartan combination effect on the AHI of CHF patients presenting SDB.
Pathophysiology of sleep-disordered breathing and medical treatment of chronic heart failure Chronic HF patients may have an increased risk for OSA due to extracellular fluid overload. Achieving fluid homeostasis is a potential point of care since pharyngeal oedema and narrowing may develop during supine sleep with redistribution of fluid from the legs and subsequent pharyngeal collapsibility and airway obstruction in CHF patients with OSA. 28 Indeed, it has been reported that the aldosterone antagonist spironolactone improves postural fluid shifts and AHI in patients with OSA. Central sleep apnoea in CHF is likely caused by the instability of ventilatory control systems. Patients with CSA have increased chemoresponsiveness that promotes hyperventilation and hypocapnia. 10, 12, 13 A factor contributing to hyperventilation is pulmonary vagal irritant receptor stimulation by pulmonary venous congestion. Induced hyperventilation often drives the arterial CO 2 pressure below the apnoeic threshold, leading to decreased central respiratory drive. 10, 12, 13 Thereby, optimal CHF therapy could counteract some mechanisms of the OSA/CSA pathophysiology since it includes diuretics aiming to reduce the total lung water content, beta-blockers to blunt the effects of sympathetic nervous system activation, and ACE inhibitors to reduce ventricular afterload and improve cardiac output by blocking the effects of the renin-angiotensin-aldosterone system. 3, 4 Why sacubitril-valsartan is a candidate for correcting sleep-disordered breathing in chronic heart failure patients
To date, the only study evaluating valsartan did not find any benefit on AHI, but the patients included in the study did not represent CHF 30 and the effect of sacubitril has never been evaluated on AHI.
Sacubitril and valsartan are good candidates for correcting SDB of CHF patients because their known mechanisms of action are likely to counteract the pathophysiology of both OSA and CSA in HF patients. Indeed, inhibition of neprilysin by sacubitril increases the level of numerous endogenous peptides (atrial natriuretic peptide, BNP, C-type natriuretic peptide, bradykinin, substance P, adrenomedullin, and angiotensin II) with favourable natriuretic and vasodilatory properties and a favourable decrease of sympathetic tone. 26 The antagonism of angiotensin II Type 1 receptors by valsartan decreases sodium retention, endothelin and aldosterone secretion, and vasopressin release and increases renin secretion, all these actions leading to natriuretic and vasodilatory beneficial effects. 31 Valsartan also decreases cardiac injury by decreasing angiotensin II Type-1-receptor-mediated hypertrophy, inflammation, fibrosis, and sympathetic activity. 31 Thereby, sacubitril-valsartan interferes with neurohumoral systems and improves CHF by decreasing sympathetic and renin-angiotensin-aldosterone activity, both possible factors also involved in the pathophysiology of SDB in CHF patients. 
Study design and limitations
Testing a recently licensed drug strongly recommended in the population of interest, in real-life conditions, has raised many new challenges regarding study design. First, it appeared unethical to impose a placebo-controlled randomization: even though the study will not exceed 3 months, beneficial effects of sacubitril-valsartan on mortality and hospitalization rates were noticed very early in the PARADIGM trial, and a placebo arm would have been considered as a potential loss of chance for patients. Physicians in charge of patients with CHF and an obstructive AHI ≥15/h (irrespective of the central AHI) are facing a complex dilemma. They can initiate additional PAP treatment because CPAP has previously demonstrated a decrease in mortality in this population of CHF patients with OSA. 32 However, as underlined recently by Bradley et al., 33 there is currently no published randomized double-blind study demonstrating the benefit of CPAP vs. sham CPAP in these patients with HFrEF.
Considering the real-life pattern of the study and the evolution of the recommendations, 34 no strict protocol of treatment has been made in our study protocol. It is noteworthy that sacubitril-valsartan should be initiated cautiously following a progressive incremental-dose scheme. Because the time to obtain a safe and efficient dose of sacubitrilvalsartan may differ from patient to patient, the ideal duration of the study may exceed 3 months. In the first version of the protocol submitted to an independent ethics committee, the final evaluation was scheduled at 4 months. The committee's response (taking into account the literature at the time) was to reduce the study time to 3 months. They considered that that one extra month could represent increased risk for patients. The literature at that time indicated that the absence of specific treatment for SDBs could be associated with an increased morbimortality, in particular in patients with OSA. Indeed, for patients with a potential indication of additional PAP treatment, a longer duration of the study could be considered as a loss of chance.
32 A 3-month study appeared to be a good compromise and was recommended by the ethics committee. In any case, the study evaluates the number of patients for whom the cardiologist considers that the optimal dose of sacubitril-valsartan is not reached at 3-months.
Of course, we are fully aware that polygraphy is not the gold standard diagnostic test of SDB, but in real-life conditions, it is the only easily and rapidly available examination. Furthermore, it has nonetheless been shown as relevant. Current guidelines acknowledge polygraphy as an important contributor to SDB assessment. For ethical and financial considerations, Group 3 patients (i.e. patients with a central AHI <5/h and an obstructive AHI <15/h) will not benefit from a second polygraphy.
Conclusions
In the context of the SERVE-HF study, 23 a trial that has raised serious concerns about the effect of adaptative servoventilation in patients with HFrEF and CSA, physicians are waiting for new trials and alternative therapies. Because of its reported beneficial effects and its mechanism of action, we believe that sacubitril-valsartan needs to be evaluated. 25 The ENTRESTO-SAS study will be the first prospective real-life study evaluating the potential interest of sacubitril-valsartan in patients with SDB and CHF with HFrEF.
